Partial reactions designed to study the individual steps in the initiation of protein synthesis may be divided into two groups: artificial models using artificial mRNA templates and natural models using naturally occurring mRNA. The requirements for each of the reticulocyte initiation factors, IF-M1, IF-M2, and IF-Ms, and for GTP are examined using these models in order to determine if either type of model is a valid representation of the events occurring in natural initiation.
Binding of the initiator tRNA, Met-tRNAF, to endogenous mRNA requires IF-Ml, IF-M2, and GTP. A requirement for hydrolysis of GTP is not found when the artificial template ApUpG is used since GDPCP may be substituted for GTP. Met-tRNAF bound to the template ApUpG by IFMl + IF-M2 can form a peptide bond with the aminoacyltRNA analog, puromycin. Met-tRNAF bound by IF-Ml + IF-M2 to the initiator codon of natural globin mRNA, however, cannot form a peptide bond with either puromycin or valine-tRNA unless IF-M, is also present. The requirements for MetF-valine synthesis on exogenous globin mRNA are the same as the requirements on endogenous mRNA. Synthesis of the initial tripeptides of the a and j3 chains of rabbit globin, MetF-Val-Leu and MetF-Val-His, requires, in addition, leucyl-tRNA and histidyl-tRNA.
It appears, therefore, that model systems that use natural messenger RNA can duplicate the factor and energy requirements of natural initiation, but that the model systems thus far studied that use artificial messengers as templates do not.
The initiation of protein synthesis requires the formation of an "initiation complex," which includes a ribosome, mRNA, initiator tRNA, protein initiation factors, and an energy source. In order to understand this event, partial reactions have been developed that isolate the individual steps in the formation of the initiation complex. These partial reactions are of two types: "artificial models" and "natural models." Nucleic acid analogs of mRNA templates (e.g., artificial polynucleotides or individual codons), are used in artificial models, while naturally occurring mRNA is used as the template in natural models. In prokaryotes, the natural models have demonstrated that artificial models can provide valid concepts for some aspects of the initiation process (1) .
The initiation of protein synthesis in eukaryotes is similar to that in prokaryotes in that initiation factors, initiator tRNA, and GTP are required. Unlike association between naturally occurring mRNA and ribosomes in reticulocytes is unusually strong. This strong association has enabled us to develop natural models of the individual steps during the initiation of globin synthesis on naturally occurring endogenous mRNA (2) . In order to test the validity of the model reactions in predicting the requirements for mammalian initiation, we have compared the factor and energy requirements of the natural models that use endogenous (and exogenous) globin mRNA with the requirements of artificial models that use artificial templates (3) (4) (5) .
MATERIALS AND METHODS
Preparation of components for cell-free globin synthesis from rabbit reticulocytes has been described (6) (7) (8) . Polysomes were washed in buffer containing 0.5 M KC1 to remove initiation factors. For the artificial models, the 0.5 M KCl wash was performed for 2 hr, resulting in ribosomes with initiation factor and artificial template dependency. For the natural models, the 0.5 M KC1 wash was for 10 min, resulting in ribosomes with initiation factor dependency, but containing significant amounts of endogenous mRNA (2, 3) . Initiation factors IF-M1, IF-M2, and IF-M3 were prepared from the 0.5 M KCl wash fraction of reticulocyte polysomes.
Separation of the individual factors by DEAE-cellulose chromatography has been described (7, 8) . For the Millipore filter-binding assays and the puromycin assays, IF-Ml was further purified by Sephadex G-200 chromatography (7) . The IF-M2 preparation was not further fractionated; it contains both M2A and M2B (4, 5) . For all assays except the dipeptide assay on exogenous mRNA, IF-M3 was further purified by phosphocellulose chromatography (9) . EF-1 (T1) and EF-2 (T2) were separated by DEAE-cellulose chromatography followed by Sephadex G-150 chromatography (7) . For the puromycin assay on endogenous mRNA, EF-1 was prepared from the supernatant fraction by Sephadex G-200 chromatography. tRNAmet was prepared by RPC 5 chromatography (10) and was acylated (6) done as in the artificial template assay. Product analysis was done on identical reaction mixtures, after addition of appropriate internal standards, by electrophoresis at pH 3.5 (pyridine-acetic acid-H20) for 70 min (2) . were used as internal standards, and were separated by electrophoresis at pH 7.7 (10 mM barbital-15 mM Na barbital-H20) at 5000 V for 3 hr. Product analysis was also done by electrophoresis at pH 3.5 (pyridine-acetic acid-H20), followed by descending chromatography in butanol-acetic acid-water 4:1:1 to further separate the Met-Val and MetVal-Leu.
RESULTS

Met-tRNAF binding: factor and energy requirements
The requirements for the recognition of Met-tRNAF by initiation factors Ml + M2 with artificial template and with what is presumed to be endogenous mRNA are shown in Table 1 . The overall activity (at the same temperature and duration of reaction) of the artificial model (ApUpG template) is 40%0 higher than that of the natural model (endogenous mRNA). The dependency on IF-M1, IF-M2, and ribosomes is similar to previous results (2, 3) . Both models are completely dependent on the y-phosphate being present in the guanosine energy source, since GDP will not substitute for GTP. In the artificial model, however, the methylene analog of GTP, GDPCP, can substitute for GTP, whereas it cannot do so in Extraction of the MetF-puromycin into ethyl acetate was Proc. Nat. Acad. Sci. USA 69 (1972) the natural model. Fusidic acid does not inhibit the artificial Under the conditions used for the natural binding model, Fig. 1 , top, left demonstrates that in the presence of GTP, the binding is primarily to the small ribosomal subunit. This binding is completely dependent on GTP hydrolysis since such binding does not take place in the absence of GTP (Fig. 1, top , right) or when GDPCP is substituted for GTP (Fig. 1, bottom FRACTION NUMBER sucrose gradient centrifugation (Fig. 1, bottom, right) rather than by the Millipore filter assay ( GTP by electrophoresis at pH 3.5 demonstrates a MetFpuromycin product whose formation is completely dependent on puromycin (data not shown).
Initial dipeptide synthesis: energy requirements
There is a complete dependence on GTP for dipeptide synthesis in the mammalian system, whether it be MetFpuromycin synthesis on artificial template, MetF-puromycin synthesis on endogenous mRNA, or MetF-valine synthesis on endogenous mRNA (Table 2 ). In no case will GDPCP or GDP substitute for GTP. Fusidic acid does not inhibit MetF-valine synthesis, but it does partially inhibit MetFpuromycin synthesis with both artificial and natural templates. This inhibition is not due to blockage of MetF-puromycin release from the ribosome, since it occurs even after treatment with NaOH, which should break MetF-puromycin bonds to the ribosome. The partial inhibition of MetFpuromycin synthesis with endogenous mRNA by fusidic acid has also been shown by product analysis by electrophoresis (data not shown).
Initial dipeptide synthesis on exogenous globin mRNA
The requirements for exogenous mRNA-dependent dipeptide synthesis are shown in ribosomes with endogenous mRNA when expressed on the basis of the amount of ribosomes used (20-times fewer ribosomes are present in the exogenous mRNA assay).
Initial tripeptide synthesis
In completed a and # chains of rabbit globin, the second amino acid is leucine or histidine, respectively. With the addition of Leu-tRNA, His-tRNA, and EF-2, synthesis of MetF-Val-Leu and MetF-Val-His is obtained (Fig. 2) . There is complete dependence on GTP for tripeptide synthesis (Table 4) . Fusidic acid, in concentrations that do not The factor and energy requirements for the artificial and natural model reactions are summarized in Table 5 . In the synthesis of the artificial dipeptide, MetF-puromycin, on ApUpG, GTP is strictly required, since GDPCP will not substitute for GTP. Therefore, at least one GTP hydrolysis step is involved in the formation of this peptide bond (5 (Fig. 1, bottom, right) .
Since the Met-tRNAF bound to the mRNA in the presence of IF-M, + IF-M2 is not able to form a peptide bond (either Synthesis of MetF-valine, the natural dipeptide found in globin initiation, strictly requires GTP. Fusidic acid in low concentrations does not inhibit MetF-valine synthesis (Table 2C ), but completely inhibits tripeptide synthesis (Table 4 , Fig. 2 ). This finding is in accord with the concept that in low concentrations, fusidic acid inhibits translocase function (19, 20) . Fusidic acid partially inhibits the synthesis of Metv-puromycin on endogenous mRNA. The possibility that fusidic acid does not block MetF-puromycin synthesis, but rather its release, was ruled out by use of NaOH to artificially release all MetF-puromycin synthesized. No additional product was released by this procedure.
The major differences between the artificial and natural models of mammalian initiation are the requirement for GTP in the (IF-M1 + IF-M2)-directed binding of MettRNAF to endogenous mRNA (not seen with artificial temnplate), and the requirement for IF-M3 in the synthesis of the first peptide bond on endogenous and exogenous globin mRNA. Although IF-M3 is clearly needed for the translation of mammalian mRNA, no artificial model yet described predicts its use.
Natural models are useful not only in understanding the role of initiation factors and energy sources in the formation of the initiation complex, but also in describing the mechanism of action of protein synthesis inhibitors. For example, NaF does not inhibit Met-tRNAF binding to endogenous mRNA on the small subunit, but does inhibit MetF-valine synthesis, a process that requires both small and large subunits (2) . This finding is in accord with the concept that NaF blocks addition of the large ribosomal subunit to the small subunit (13) .
The study of both artificial and natural models of mammalian initiation suggests that the parallels between the prokaryotic and eukaryotic initiation process are close indeed. Although there are many similarities between the prokaryotic and eukaryotic initiation factors, there are differences in molecular weight and specific functions; hence, it is still not possible to make exact comparisons between them. Since artificial models do not fully predict all the initiation requirements of protein synthesis, it is necessary to more fully develop and understand models that use naturally occurring mRNA.
